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Dirac, Pauli and Sachs Form Factors 

Hadron current, one-photon approximation, αem = 1/137, !

Sachs, 1962                    Does a nucleon have a core ? 

J µ
hadron = ieN̄(pf) [γνF1(Q2) + iσµνqν

2 M
F2(Q2)]N(pi)

Rosenbluth,1950 

Cross section and asymmetry for electron-nucleon scattering  

dσ = dσNS

{
(F 2

1 +
Q2

4M2
F 2

2 ) + (F1 + F2)2
Q2

2M2
(1 + 2 tan2 θe

2
)
}

GE = F1(Q2) − Q2

4M2 F2(Q2) GM = F1(Q2) + F2(Q2)

Jfi = 2E · F (−!q 2), !J = 0 ρ(r) = 1
(2π)3

∫
F (−!q 2)ei"q"rd3!q
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Kelly’s parameterization 
J. Kelly, !
PRC 70,!
068202 !
(2004)!
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New parameterization!

(d/u) = 0, 0.2 !

Bodek,
 Avvakumov,
 Bradford, Budd
 arXiv:hep-ex
 0708.1946!

ξ  is Nachtman
 scaling variable!

Two constraints
 QCD motivated!

Kelly’s!



Hall-A       12/16/09 neutron Magnetic FFs     Bogdan Wojtsekhowski, JLab slide 5 

Generalized Parton Distributions 
a lot to
 measure!P.Kroll, Excl.-07 !
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Impact parameter and densities 

Muller, Ji, Radyushkin!

M.Burkardt !

  P.Kroll: u/d segregation !

  G.Miller!
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Transverse densities 

C.Carlson &          

M.Vaderhaeghen !

Is transversely polarized 
neutron has huge EDM? 
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GMn form factor at high Q2!
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F1
n/F1

p form-factor ratio!
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F1,2
d/F1,2

u form-factor ratio!
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F1
d/F1

u form-factor ratio!
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Concept of the GMn experiment 
R.Gilman, B.Quinn & BW 
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GMN/GMP at high Q2 
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GMN/GMP at high Q2 
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GMN/GMP at high Q2 
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GMN/GMP at high Q2 
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Neutron Detector BigHAND !
•  Match BigBite solid angle     
 "for QE  kinematics !
•  Flight distance ~ 10 m !
•  Operation at 3.1037 cm2/s!

•  1.6 x 5 m2 active area !
•  6-7 layers (~ 250 bars)!
•  2 veto layers (~ 200)!
•  0.38 ns time resolution !
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Neutron Detector HCalo!

•  Match BigBite solid angle     
 "for QE  kinematics !
•  Flight distance ~ 17 m !
•  Operation at 3.1038 cm2/s!

•  5.4 m2 active area !
•  1 layer ( 250 bars)!
•  Magnet for n/p ID!
•  < 1.5 ns time resolution! z (m)
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HCAL Setup GEANT3/DINREG Model: a Neutron Interaction
2009/12/03   17.11

CEBAF Hall A End Station

Cut plane at y = 0 m
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Neutron Detector HCalo!
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Neutron Detector HCalo!

•  Match BigBite solid angle     
 "for QE  kinematics !
•  Flight distance ~ 17 m !
•  Operation at 3.1038 cm2/s!

•  5.4 m2 active area !
•  1 layer ( 250 bars)!
•  Magnet for n/p ID!
•  < 1.5 ns time resolution!
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Neutron Detector HCalo!

•  Match BigBite solid angle     
 "for QE  kinematics !
•  Flight distance ~ 17 m !
•  Operation at 3.1038 cm2/s!

•  5.4 m2 active area !
•  1 layer ( 250 bars)!
•  Magnet for n/p ID!
•  < 1.5 ns time resolution!
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Neutron Detector HCalo!

•  Match BigBite solid angle     
 "for QE  kinematics !
•  Flight distance ~ 17 m !
•  Operation at 3.1038 cm2/s!

•  5.4 m2 active area !
•  1 layer ( 250 bars)!
•  Magnet for n/p ID!
•  < 1.5 ns time resolution!

HCAL Detector Background Load vs. Threshold

HCAL Sum Amplitude Threshold in MeVee (44.8 MeVee = 1 MIP-through)
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GEANT3/DINREG MC Calculation
P. Degtiarenko, JLab

Quasielastic and Deep Inelastic processes are not modeled

No photonuclear cross section amplification

Photonuclear cross section increased

    by a factor 1000 during calculation

      and then scaled back
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